5-lipoxygenase
. Boswellia serrata extract also exhibits antibacterial, antifungal, and antimicrobial activities (Ismail et al., 2014) . In recent years, it has also been used in cosmetics and perfumes.
In India, approximately 1500 tons of B. serrata gum is harvested annually (Giri et al., 2008) . With increasing demand for resin, unsustainable harvesting practices, anthropogenic threats, and lack of regeneration (Tandon et al., 2010) have resulted in the rapid decline of populations of the species. Extraction of the resin by puncturing or damaging the bark can cause trees to be susceptible to pests or diseases, and indiscriminate extraction could lead to mortality. This adult mortality, in combination with fragmentation and low regeneration, threatens the persistence of the species. Boswellia serrata is now reported as a rare species in the Red Data Book of India (Modi and Mathad, 2016) . Despite its economic importance, knowledge of the genetic resources of this species is scarce. Information on the genetic diversity and pattern of genetic differentiation across populations is crucial for designing appropriate conservation strategies. Addisalem et al. (2015) developed microsatellite markers for B. papyrifera. However, when we used these markers in B. serrata, we found their amplification efficiency to be low. In this study, we developed microsatellite markers for B. serrata with high efficiency and tested their applicability in the related species B. ovalifoliolata N. P. Balakr. & A. N. Henry. 
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METHODS AND RESULTS
Sample collection and DNA extraction
Fresh leaves of B. serrata were collected from three populations, Biligiri Ranganathaswamy Temple Tiger Reserve (BRT-TR), Male Mahadeshwara Hills Wildlife Sanctuary (MM Hills WLS), and Cauvery Wildlife Sanctuary (Cauvery WLS) of Western Ghats, India, to develop genetic markers and from one population of B. ovalifoliolata, from the Seshachalam foothills of Tirupati, Andhra Pradesh, India, to check cross-amplification (Appendix 1). Genomic DNA was extracted from leaf material using a cetyltrimethylammonium bromide (CTAB) method (Sambrook et al., 1989) .
Microsatellite library construction and primer design
A microsatellite enrichment library was constructed using a magnetic bead hybridization method following Glenn and Schable (2005) with minor modifications. Total genomic DNA of one sample from BRT-TR was digested with the restriction enzymes RsaI and XmnI (New England Biolabs, Ipswich, Massachusetts, USA). Digested products were ligated to double-stranded SNX linkers using a rapid DNA ligation kit (Fermentas International, Thermo Fisher Scientific, Bangalore, India) and amplified with SNX primers. The amplified products were hybridized with 3′-biotinylated microsatellite probes, and hybridized probes were captured by streptavidin-coupled (M-280) Dynabeads (Invitrogen, Oslo, Norway). The captured fragments containing microsatellite repeats were enriched by amplification with SNX linker-specific primers. Enriched fragments were transformed into E. coli strain CB-5α with the pTZ5RT vector (Thermo Fisher Scientific, Bangalore, India). Recombinant clones were identified by colony PCR using M13 primers. The PCR fragments larger than 300 bp were sequenced using an ABI PRISM 3130 Genetic Analyzer (Applied Biosystems, Waltham, Massachusetts, USA) at Chromous Biotech (Bangalore, India). After trimming vector and linker sequences, 216 nonredundant contig sequences were obtained, of which 68 contained microsatellite repeats. A total of 42 primer pairs were designed using the software Primer3Plus (Untergasser et al., 2007) with the following criteria: amplicon size 100-300 bp, annealing temperature 52-60°C, and GC content 40-60%.
Validation and evaluation of designed markers
Of the 42 primer pairs, 16 successfully amplified (Table 1) and were tested for polymorphism in 60 individuals of B. serrata and for cross-amplification in 10 individuals of B. ovalifoliolata (Table 2) . PCR reactions were performed in a 15-μL reaction volume containing 10-20 ng of template DNA, 1 mM of dNTP mix, 1× polymerase buffer, 1 unit of Taq polymerase (all reagents from Bangalore Genei, Bangalore, India), and 0.2 μM of each primer. The PCR profile was as follows: an initial denaturation at 95°C for 5 min; followed by 35 cycles of 95°C for 30 s, 50-60°C for 30 s, and 72°C for 30 s; and a final extension at 72°C for 10 min. Amplicons were analyzed on an ABI 3730 Genetic Analyzer (Applied Biosystems) at Chromous Biotech (Bangalore, India) and scored using GeneMapper version 3.2 (Applied Biosystems) software. Population genetic diversity parameters, i.e., observed heterozygosity (H o ), expected heterozygosity (H e ), number of alleles per locus (A), effective number of alleles (A e ), Shannon's information index, and the probability of deviations from Hardy-Weinberg equilibrium were estimated using GenAlEx 6.5 (Peakall and Smouse, 2012) . Polymorphism information content (PIC) and probability of identity (PI) were calculated by CERVUS 3.0 (Kalinowski et al., 2007) .
Of the 16 successfully amplified primers, 11 were found to be polymorphic, of which eight had dinucleotide, two had trinucleotide, and one had compound repeat motifs (Table 1 ). Significant differences were found in allele frequencies between the analyzed populations. A ranged from three to 10, and levels of H o and H e of each population ranged from 0.50 to 0.90 and 0.666 to 0.861 (Table 2) , respectively. Shannon's information index values ranged from 1.098 to 2.072 and PIC ranged from 0.592 to 0.845 ( Table 2 ), indicating that the markers designed are highly polymorphic (PIC > 0.5) and informative. The PI value is low for many loci, with the combined PI value of 2.081E-0015 confirming their applicability for population genetic studies. Significant deviations (P < 0.05 and P < 0.01) from Hardy-Weinberg equilibrium were detected for two markers (BS11 and BS25) but were not consistent across the populations. In B. ovalifoliolata, A ranged from three to nine, H o ranged from 0.5 to 0.9, and H e ranged from 0.66 to 0.83 (Table 2 ). Raw genotyping data for both species are available in Appendix S1.
CONCLUSIONS
In this study, 16 microsatellite markers were developed specifically for B. serrata and 11 of these showed considerable polymorphism in all three studied populations. These markers will be useful for studying genetic diversity, gene flow, population structure, and inbreeding. The resulting information will help in developing appropriate strategies for sustainable utilization and conservation of this important resin-yielding tree. The allelic overlap and intrageneric amplification of these microsatellite markers indicate a close relationship between B. serrata and B. ovalifoliolata, which needs support from further investigation. Deviation from Hardy-Weinberg equilibrium: *P < 0.05, **P < 0.01, ns = not significant.
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